Today's high level golfers focus on distance when hitting a driver from the tee (Gluck et al., 26 2007). This has seen a change from a 'classic' to a 'modern' golf swing, where greater axial 27 rotation of the shoulders relative to the hips (also known as X-factor) is seen at the top of the trailing side results in more force being applied into the ball at impact (Gluck et al., 2007) .
67
However, despite experimental investigations using projected angles in the transverse plane
68
reporting an association between X-factor, axial rotation velocity and clubhead velocity 22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 (Chu et al., 2010) . However, the effect of crunch factor in isolation on launch angle of 77 the golf ball has not previously been investigated.
79
The first aim of the study was to investigate the relationship between the trunk and lower 80 trunk for axial rotation velocity and lateral bending (crunch factor variables). The 81 coordination between the trunk and lower trunk segments was also examined. The second 82 aim of the study was to determine the level of association between axial rotation velocity and 83 lateral bending of the trunk and lower trunk with swing (clubhead velocity) and launch
84
(launch angle) parameters. These aims were investigated in a group of high level amateur 85 male golfers using their own driver. 
Methods

88
Participants & Experimental Protocol
89
Thirty five high level amateur male golfers (Mean ± SD: age = 23.8 ± 2.1 years, registered 90 golfing handicap = 5 ± 1.9) were recruited for this study. Each participant was given a classic golf swing, i.e. heel raise and pelvic movement, resulted in exclusion from the study.
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The multi-segment model used in this study was developed using Vicon BodyBuilder V.3.6.1
130
(Oxford, UK) and used in Vicon Nexus V.1.7.1 (Oxford, UK) to obtain all kinematic 131 variables (as described below). Cardan angles reported for the trunk were reduced from the 132 joint coordinate system of the shoulders relative to the joint coordinate system of the pelvis, Eight kinematic variables relating to the trunk and lower trunk segments, in addition to two 142 variables collected from the launch monitor (clubhead velocity and launch angle), were 143 analysed in this study (see Table II ). Ensemble averages for the crunch factor determined for 144 the trunk and lower trunk from the top of the backswing to ball impact were created. All data were time normalised (0-100%) using cubic spline interpolation.
147
Cross-correlation analysis was used to investigate the coordination between the trunk and 148 lower trunk segments for the crunch factor variable. Specifically, the lag, or phase difference 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Results
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